DEMOCRACY, RENT SEEKING, PUBLIC SPENDING AND GROWTH by Mohtadi, Hamid & Roe, Terry L.
Bulletin Number 01-2                                                                                                     June 2001
ECONOMIC DEVELOPMENT CENTER




Department of Economics, Minneapolis
Department of Applied Economics, St. Paul
UNIVERSITY OF MINNESOTAoe0pd|341wh{
GHPRFUDF\/ UHQW VHHNLQJ/ SXEOLF VSHQGLQJ DQG
JURZWK
Kdplg Prkwdgl@> 4
@ Xqlyhuvlw| ri Plqqhvrwd dqg Zlvfrqvlq0Plozdxnhh
W h u u |O 1U r h K
K Xqlyhuvlw| ri Plqqhvrwd
MHO Fodvvl￿fdwlrq= K74/ S49/ S49
+Iruwkfrplqj lq wkh Mrxuqdo ri Sxeolf Hfrqrplfv,
Pd| 5334
Devwudfw
Grhv ghprfudwl}dwlrq lpso| idvwhu jurzwk/ ohvv fruuxswlrq dqg ohvv lqh!flhqf|B
Sdvw vwxglhv |lhog dpeljxrxv uhvxowv rq wkh h￿hfwv ri ghprfudf| rq hfrqrplf shu0
irupdqfh dqg jurzwk1 Zh ghyhors d vlpsoh wzr0vhfwru hqgrjhqrxv jurzwk prgho
wkdw vkrzv erwk yhu| |rxqj dqg pdwxuh ghprfudflhv jurz idvwhu wkdq frxqwulhv lq
plg vwdjhv ri ghprfudwl}dwlrq/ surgxflqj d ￿X￿ h￿hfw1 Wklv h￿hfw uhvxowv iurp wkh
sdwwhuq ri uhqw vhhnlqj dv lw glyhuwv iurp wkh surylvlrq ri sxeolf jrrgv1 Uhqw0vhhnhuv
dfw dv prqrsrolvwlf frpshwlwruv1 Lqlwldoo|/ pruh ghprfudf| lqfuhdvhv wkhlu qxpehu/
udlvlqj djjuhjdwh uhqwv1 Krzhyhu/ uhqwv shu uhqw0vhhnhu idoo zlwk wkh qxpehu ri uhqw
vhhnhuv1 Gxh wr wklv furzglqj h￿hfw dqg wkh lqfuhdvhg frpshwlwlrq dprqj uhqw vhhn0
huv/ djjuhjdwh uhqwv idoo lq pdwxuh ghprfudflhv1 Wkxv/ uhqwv vkrz dq ￿lqyhuwhg0X￿
h￿hfw lq uhodwlrq wr ghprfudf|1 Zh ￿qg idluo| urexvw vxssruwlyh hylghqfh iru wkh
odwwhu1
4Fruuhvsrqglqj dxwkru/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Xqlyhuvlw| ri Plqqhvrwd/ Vw1 Sdxo/
PQ 8876</ hpdlo= kprkwdglCdshf1xpq1hgx/ who1= 4094509580;574> id{= 40945095805:5<1 Zh zlvk
wr wkdqn Sklols Odqh/ Sklols Nhhihu/ Fdurolqh Ydqulmfnhjkhq/ Md| Frjjlqv/ dqg Mh￿uh| Qxjhqw dqg
sduwlflsdqwv ri dq DHD zrunvkrs iru khosixo frpphqwv dqg glvfxvvlrqv rq dq hduolhu yhuvlrq ri wklv
sdshu1 Dovr wkdqnv wr wkh Xqlyhuvlw| ri Plqqhvrwd zrunvkrs sduwlflsdqwv iru frpphqwv rq wkh
suhvhqw sdshu dqg wr Vxplw Djduzdo iru klv kdug zrun dv rxu Uhvhdufk Dvvlvwdqw1
3GHPRFUDF\/ UHQW VHHNLQJ/ SXEOLF VSHQGLQJ DQG
JURZWK
4 LQWURGXFWLRQ
Wkh wuhqg wrzdug ghfhqwudol}dwlrq ri srolwlfdo dxwkrulw| dorqj zlwk wkh ghprfudwlf
h{shulphqw ri wkh sdvw wzr ghfdghv lq pdq| sduwv ri wkh zruog vhhpv wr kdyh dffrp0
sdqlhg d ulvh lq wkh uhsruwhg lqflghqfh ri fruuxswlrq/ dv lqglfdwhg e| hylghqfh iurp
Uxvvld/ Wxunh|/ Odwlq Dphulfd dqg hovhzkhuh1 Wklv vhhpv sx}}olqj vlqfh ghprfudf|
lv derxw wudqvsduhqf| dqg fkhfnv dqg edodqfhv dqg vlqfh pdwxuh ghprfudflhv duh
nqrzq wr h{shulhqfh uhodwlyho| ohvv fruuxswlrq1 Lv lw shukdsv wkdw ghprfudf| khosv
uhyhdo zkdw zrxog rwkhuzlvh eh klgghq irupv ri fruuxswlrqB Li qrw/ zkdw dffrxqwv
iru wkh vhhplqjo| kljkhu uhsruwlqj ri fruuxswlrq dqg zkdw grhv wklv lpso| iru wkh
ixwxuh ri ghprfudwl}dwlrq lq rwkhu sduwv ri wkh zruogB Ilqdoo|/ vlqfh fruuxswlrq kdv
ehhq irxqg wr eh jurzwk lqklelwlqj +h1j1/ Pdxur/ 4<<8, zkdw grhv wklv lpso| iru wkh
jurzwk srwhqwldov ri ghprfudwlf uhirupvB Dq dwwhpsw wr dqvzhu wklv sx}}oh dqg wkh
dffrpsdq|lqj txhvwlrqv wkdw lw udlvhv lv wkh prwlydwlrq iru wklv sdshu1 Zkloh vhy0
hudo uhfhqw vwxglhv kdyh vrxjkw wr ylhz ghprfudf| dv hqgrjhqrxv/ hlwkhu hpslulfdoo|
+h1j1/ Eduur/ 4<<<,/ ru dv d fkrlfh pdgh e| wkh holwhv +h1j1/ Dfhprjox dqg Urelqvrq/
5333,/ wkh prwlydwlqj txhvwlrq ehklqg wklv sdshu ohdgv xv wkh rwkhu zd|/ l1h1 lq wkh
gluhfwlrq ri h{dplqlqj wkh lpsdfw ri ghprfudf|1
Wkh irupdo hpslulfdo hylghqfh rq wkh lpsdfw ri ghprfudf| rq jurzwk lv txlwh
pl{hg dqg grhv qrw khos zlwk wkh dqvzhu wr rxu sx}}oh1 Dq ryhuylhz ri wklv hylghqfh
vxjjhvwv wkdw ghprfudflhv jurz pd| pruh udslgo| +h1j1/ Nruphqgl dqg Phjxluh/
4<;8> Srxujhudpl/ 4<;;> Vfxoo|/ 4<;;> Eduur/ 4<;</ Julhu dqg Wxoorfn/ 4<;<￿lq wkh
fdvh ri Odwlq Dphulfd dqg Diulfd,/ wkdw dxwkrulwduldq uhjlphv pd| jurz idvwhu
lqvwhdg +Zhhgh/ 4<;6> Odqgdx/ 4<;9,/ ru wkdw vwdwlvwlfdoo| vljql￿fdqw frqfoxvlrqv
fdqqrw eh uhdfkhg +Khoolzhoo/ 4<<7> Eduur/ 4<<9,51 Eduur +4<<9, vxjjhvwv wkdw dx0
wrfudf| +odfn ri ghprfudf|, pd| lq idfw eh jurzwk surprwlqj li lw h{sdqgv hfrqrplf
iuhhgrpv dqg sulydwh surshuw| uhjlphv/ ru jurzwk lqklelwlqj li lw lqyroyhv glfwdwruv
wkdw glyhuw qdwlrq*v zhdowk lqwr qrqsurgxfwlyh lqyhvwphqwv/ d srlqw dovr eurxjkw xs
e| Su}hzruvnl dqg Olprqjl +4<<6,1 Wkh sulydwh surshuw|0jurzwk qh{xv kdv ehhq
yhul￿hg lq dq hpslulfdo vwxg| e| Nhhihu dqg Nqdfn +4<<8,/ exw wklv vd|v olwwoh derxw
zkhwkhu ghprfudf| lv d qhfhvvdu| suhuhtxlvlwh iru sulydwh surshuw| surwhfwlrq1 Wkh
udslg hfrqrplf jurzwk ri pdq| frxqwulhv/ vxfk dv wkrvh lq Dvld/ vxjjhvwv wkhuh pd|
qrw eh d orjlfdoo| qhfhvvdu| olqn ehwzhhq ghprfudf| dqg wkh jurzwk0surprwlqj dv0
shfwv ri sulydwh surshuw| uhjlphv1 Glvwulexwlyh lvvxhv dovr |lhog frq lfwlqj uhvxowv1
5Iru d hduolhu vxuyh| ri wklv olwhudwxuh vhh Su}hzruvnl dqg Olprqjl +4<<6,1
4Wudglwlrqdo uhglvwulexwlyh irufhv wkdw gluhfw uhvrxufhv dzd| iurp surgxfwlyh fdslwdo
+h1j1/ lq wkh irup ri xqlrq vwulnhv/ hwf1, vxjjhvw d vorzlqj ri jurzwk1 Vlqfh wkhvh
irufhv jdlq vwuhqjwk zlwk ghprfudwl}dwlrq/ wklv olqh ri dqdo|vlv lpsolhv wkdw ghprf0
udflhv h{shulhqfh vorzhu jurzwk1 Iurp dqrwkhu shuvshfwlyh/ krzhyhu/ uhglvwulexwlyh
irufhv wkdw gluhfw uhvrxufhv dzd| iurp uhqwv dqg wrzdug surgxfwlyh fdslwdo vkrxog
ohdg wr idvwhu jurzwk1 Jlyhq wkdw uhqwv sod| d grplqdqw uroh lq qrq0ghprfudflhv/
glvwulexwlrqv dzd| iurp uhqwv zrxog lpso| wkdw ghprfudflhv vkrxog jurz idvwhu1
Xqghuvwdqglqj wkhvh irufhv lv fulwlfdo wr xqghuvwdqglqj wkh wudqvlwlrq iurp qrq0
ghprfudflhv wr ghprfudflhv1
Wklv sdshu surylghv dq h{sodqdwlrq iru wkh uhodwlrqvkls ehwzhhq ghprfudf|/ uhqw
vhhnlqj +fruuxswlrq,/ wkh doorfdwlrq ri sxeolf jrrgv/ dqg hfrqrplf jurzwk1 Wklv
h{sodqdwlrq khosv vkhg vrph oljkw rq wkh sx}}oh ri zk| hduo| ghprfudflhv pd|
h{shulhqfh pruh fruuxswlrq dqg wkh dffrpsdq|lqj txhvwlrqv wkdw lw udlvhv/ qrwdeo|
rq wkh lpsdfw ri ghprfudf| rq hfrqrplf jurzwk1 Zh irfxv rq krz wkh doorfdwlrq ri
sxeolf jrrgv ghshqgv rq wkh sdwwhuq ri uhqw vhhnlqj dqg krz wklv sdwwhuq ghshqgv
rq wkh vwuhqjwk ri ghprfudf|16 Wkh sdshu wkhuhiruh dovr fodul￿hv wkh uroh ri sxeolf
vshqglqj lq jurzwk +yld wkh olqn wr erwk ghprfudf| dqg uhqw vhhnlqj ehkdylru,/ dv
wkh hpslulfdo hylghqfh lv dovr pl{hg lq wklv uhjdug71
Wkh prgho ylhzv uhqw vhhnlqj dv d prqrsrolvwlfdoo| frpshwlwlyh ehkdylru/ zkhuh
d sduw ri sxeolf vshqglqj lv glvwulexwhg dprqj uhqw vhhnhuv dv d ￿gl￿huhqwldwhg uhqw￿1
Wklv phfkdqlvp lv lqfrusrudwhg lqwr d vlpsoh wzr vhfwru hqgrjhqrxv jurzwk prgho1
Lq d |rxqj ghprfudf| zlwk lqvx!flhqw fkhfnv dqg edodqfhv/ pruh rshqqhvv phdqv
pruh srolwlfdo dffhvv exw dovr pruh dffhvv wr wkh glvshqvdwlrq ri sxeolf ixqgv1 Wklv
lqylwhv pruh lqglylgxdov wr vhhn uhqw/ dqg pruh ryhudoo uhqw lq wkh djjuhjdwh/ exw
rqo| wr vrph srlqw= Ehfdxvh ri wkh iuhh hqwu| lqwr wkh prqrsrolvwlfdoo| frpshwl0
wlyh uhqw0vhhnlqj ￿hog/ ixuwkhu frpshwlwlrq dprqj d odujhu qxpehu ri uhqw vhhnhuv
uhgxfhv uhwxuqv shu uhqw vhhnhu1 Vlpxowdqhrxvo|/ wkh kljkhu wudqvsduhqf| ri pdwxuh
ghprfudflhv udlvhv frvwv wr uhqw vhhnhuv1 Erwk irufhv dfw wr uhgxfh djjuhjdwh uhqwv
lq pdwxuh ghprfudflhv hyhq dv wkh qxpehu ri uhqw0vhhnhuv lv odujhu1 Frqvhtxhqwo|/
uhqwv iroorz d lqyhuwhg0X sdwwhuq zlwk ghprfudwl}dwlrq1 Wudqvirupdwlrq lq wkh sdw0
6Uhqw vhhnlqj khuh lv dvvxphg wr eh ￿sxuh￿ l1h1/ wr ehqh￿w rqo| wkh uhqw vhhnhu zlwk qr vslooryhu
wr rwkhuv1 Wklv lv forvhvw wr wkh gh￿qlwlrq ri fruuxswlrq1 Wkh srvvlelolw| wkdw uhqw vhhnlqj iru sxeolf
jrrgv pd| hqwdlo d vslooryhu h￿hfw wr rwkhuv lv vwxglhg lq Prkwdgl dqg Urh +4<<;,1
7Wkh olqn ehwzhhq sxeolf vshqglqj dqg jurzwk lv dqdo|wlfdoo| vwxglhg lq d vhplqdo sdshu e|
Eduur +4<<3,1 Hpslulfdo hylghqfh rq wklv lpsdfw udqjhv iurp qr vljql￿fdqfh +h1j1/ Nruphqgl dqg
Phjxluh/ 4<;8,/ wr qhjdwlyh +h1j1/ Odqgdx/ 4<;9/ Julhu dqg Wxoorfn/ 4<;</ Eduwk dqg Eudgoh| 4<;:,/
wr srvlwlyh +h1j1/ Udp/ 4<;9,1 Eduur vkrzv wkdw zkhq sxeolf vshqglqj hqwhuv surgxfwlrq +l1h1 sxeolf
jrrgv, zlwk srvlwlyh h{whuqdolwlhv/ jurzwk vkrzv d lqyhuwhg X sdwwhuq/ lpso|lqj dq rswlpxp ohyho
ri sxeolf jrrgv1 Klv hpslulfdo whvw vkrzv d vljql￿fdqw qhjdwlyh h￿hfw rq jurzwk/ frplqj iurp
jryhuqphqw frqvxpswlrq/ dqg dq lqvljql￿fdqw h￿hfw/ frplqj iurp jryhuqphqw lqyhvwphqw1 Wkh
odwwhu lv dv olnho| wr uh hfw wkh rswlpdolw| ri jryhuqphqw lqyhvwphqwv/ dv Eduur srlqwv rxw/ dv wkh
srvvlelolw| wkdw sxeolf lqyhvwphqw kdyh qr vljql￿fdqw orqj0uxq jurzwk lpsdfw1
5whuq ri uhqw vhhnlqj lq wxuq lpsdfwv wkh surgxfwlylw| dqg h!flhqf| ri wkh sxeolf
vhfwru/ wkhuhe| lq xhqflqj orqj0uxq jurzwk lq d fxuylolqhdu irup1 Wkxv/ hfrqrplf
jurzwk iroorzv dq rssrvlwh sdwwhuq wr uhqw vhhnlqj/ l1h1/ d X sdwwhuq/ zkhuh lw lv
kljkhvw lq |rxqj dqg pdwxuh ghprfudflhv dqg orzhvw lq frxqwulhv dw d plg srlqw
ri ghprfudwl}dwlrq1 Wklv h{sodlqv erwk wkh kljkhu lqflghqfh ri fruuxswlrq dqg wkh
orzhu jurzwk udwh wkdw wudqvlwlrqdo ghprfudflhv vhhp wr h{shulhqfh +vhh dovr wkh
hylghqfh,1
Rxu sdshu lv uhodwhg wr sdvw lpsruwdqw vwxglhv lq gl￿huhqw zd|v= Iru h{dpsoh/
lw lv erwk uhodwhg wr exw glvwlqfw iurp d vwxg| e| Dohvlqd dqg Urguln +4<<7,1 Wkdw
sdshu/ zklfk zdv rq wkh srolwlfdo hfrqrp| ri hqgrjhqrxv jurzwk/ irfxvhg rq douhdg|
pdwxuh ghprfudflhv/ wkxv doorzlqj wkh dxwkruv wr uho| rq wkh phgldq yrwhu wkhru|
wr duulyh dw wkhlu uhvxowv1 Wklv sdshu fdq eh dovr ylhzhg lq uhodwlrq wr wkh doorfdwlrq
ri wdohqw dujxphqw e| Pxusk|/ Vkohlihu dqg Ylvkq| +4<<4,1 Lq dq dxwrfudf|/ wkh
dv|pphwulf glvwulexwlrq ri srzhu dqg sulylohjh whqgv wr lqvxodwh srolf| pdnhuv iurp
sxeolf dffrxqwdelolw|/ uhzduglqj uhqw vhhnlqj dfwlylwlhv dqg wkxv dwwudfwlqj wdohqwhg
lqglylgxdov dzd| iurp surgxfwlyh hqwuhsuhqhxuldo dfwlylwlhv zklfk dgyhuvho| d￿hfwv
jurzwk1 Ghprfudf| whqgv wr hdvh wkh hqwu| wr lq xhqfh sxeolf fkrlfh/ dffhqwxdwlqj
wkh sureohp dw ￿uvw1 Krzhyhu/ wkh lqfuhdvhg frpshwlwlrq dprqj d odujhu qxpehu
ri uhqw vhhnhuv dfwxdoo| uhgxfhv ryhudoo uhqwv/ wkhuhe| lpsurylqj jurzwk survshfwv1
Dgglwlrqdoo|/ lq d ghprfudf|/ ohjdo dqg lqvwlwxwlrqdo uhirupv lq uhvsrqvh wr ghpdqgv
iru uhglvwulexwlrq ohdg wr juhdwhu vdqfwlrqv rq uhqw vhhnlqj dfwlylwlhv/ fxuelqj wkhvh
dfwlylwlhv ixuwkhu1 D uhfhqw sdshu e| Hkuolfk dqg Oxl +4<<<,/ lqfrusrudwhv d yduldqw
ri wkh doorfdwlrq ri wdohqw dujxphqw deryh wr vkrz frvwo| lqyhvwphqwv lq srolwlfdo
fdslwdo +uhqwv, d￿hfw wkh lqfhqwlyh wr lqyhvw lq surgxfwlyh kxpdq fdslwdo/ ohdglqj wr
dgyhuvh rxwsxw h￿hfwv1 Lq rxu iudphzrun/ ghprfudf| hdvhv hqwu| lqwr uhqw vhhnlqj
zklfk hyhqwxdoo| fdxvhv vxfk uhqwv wr eh elg dzd|/ dqg uhgxfhg/ ryhudoo1
Wkh uhsruwhg ulvh ri ￿fruuxsw￿ dfwlylwlhv wkdw kdyh dffrpsdqlhg wkh rshqqhvv ri
vrph uhfhqwo| ghprfudwl}lqj hfrqrplhv8 surylgh dqhfgrwdo vxssruw iru wkh ￿uvw sduw
ri wklv dujxphqw1 Rqh wkruq| lvvxh lv zkhwkhu pruh srolwlfdo rshqqhvv fdxvhv rwk0
huzlvh klgghq fruuxswlrq wr eh uhyhdohg/ ru zkhwkhu fruuxswlrq dfwxdoo| ulvhv zlwk
pruh rshqqhvv1 Wkh lvvxh lv glvfxvvhg lq vhfwlrq 6/ exw wkh hylghqfh suhvhqwhg wkhuh
vxjjhvwv wkdw dq lqfuhdvh lq wkh revhuyhg lqflghqfh ri fruuxswlrq lq |rxqj ghprf0
udflhv pd| eh d uhvxow ri erwk dfwxdo fruuxswlrq dqg wkh uhyhodwlrq ri rwkhuzlvh
klgghq fruuxswlrq1
Ilqdoo|/ d qxpehu ri uhfhqw vwxglhv lpso| wkdw ghprfudf| pd| eh hqgrjhqrxv1
Dq dqdo|wlfdo prgho e| Dfhprjox dqg Urelqvrq +5333, ylhzv ghprfudf| dv d fkrlfh
8Vrph h{dpsohv duh/ wkh uhfhqw hyhqwv lq Uxvvld uhodwhg wr doohjhg ￿prqh| odxqghulqj￿ sudfwlfhv/
wkh ￿qdqfldo sudfwlfhv ri vhyhudo Dvldq hfrqrplhv wkdw duh doohjhg wr kdyh ehhq d idfwru ehklqg wkh
￿qdqfldo froodsvh ri 4<<:/ wkh fruuxsw sudfwlfhv ri wkh iruphu Lqgrqhvldq ohdghuvkls dqg wkh doohjhg
plvxvh ri sxeolf ixqgv iru shuvrqdo xvh e| d iruphu Wxunlvk Sulph Plqlvwhu1
6e| wkh vrflhw|*v holwhv/ zkloh dq hpslulfdo vwxg| e| Eduur +4<<<, irfxvhv rq wkh
ghwhuplqdqwv ri ghprfudf|1 Zkdw grhv wklv lpso| iru rxu ylhz ri wkh lpsdfw ri
ghprfudf| rq jurzwkB Lq uhodwlrq wr wkh Dfhprjox dqg Urelqvrq/ ghprfudf|
uhpdlqv h{rjhqrxv wr rxu prgho/ hyhq li hqgrjhqrxv wr wkh holwhv/ vlqfh zh gr qrw
prgho wkh ehkdylru ri wkh holwhv khuh1 Lq wkh fdvh ri Eduur/ klv ghwhuplqdqwv ri
ghprfudf| idoo rxwvlgh wkh yduldeohv ri rxu prgho/ dqg khqfh/ zlwk uhvshfw wr wkhvh
yduldeohv/ ghprfudf| uhpdlqv h{rjhqrxv1
Vrph hylghqfh lv surylghg wkdw vxjjhvwv idluo| urexvw vxssruw lq idyru ri wkh
lqyhuwhg X k|srwkhvlv rq wkh uhodwlrq ehwzhhq ghprfudf| dqg uhqw vhhnlqj dfwlylwlhv1
Vhfwlrq 5 ghyhorsv wkh prgho/ vhfwlrq 6 frqvlghuv vrph hpslulfdo hylghqfh/ dqg
vhfwlrq 7 gudzv frqfoxglqj uhpdunv1
5 PRGHO
514 Edvlfv=
Ohw Q @ i4>5>===>q, ghqrwh wkh vhw ri q lq￿qlwho| olyhg djhqwv lq wkh hfrqrp|1 Wkh
djhqwv fkrrvh zkhwkhu wr hqjdjh lq uhqw0vhhnlqj ru lq surgxfwlrq1 Wklv jhqhudwhv d
sduwlwlrq ri wkh vhw ri djhqwv lqwr wzr pxwxdoo| h{foxvlyh vxevhwv= Q @ U^S +zlwk
U _ S @ >,/ zkhuh U lv wkh vhw ri uhqw vhhnhuv U @ i4==p,/d q gS lv wkh vxevhw ri
surgxfhuv/ S @ ip.4>===>q,19Wkh fuxfldo dvshfw ri wkh dqdo|vlv lv wkdw p dqg wkxv
wkh sduwlwlrqlqj ri vhw Q lv ghwhuplqhg hqgrjhqrxvo|1 Wkh uhwxuq wr hdfk surgxfhu lv
khu ydoxh ri rxwsxw zklfk lv d ixqfwlrq ri erwk sulydwh fdslwdo dqg sxeolf lqyhvwphqw
dv shu Eduur +4<<3,1 Exw/ wkh sxeolf lqyhvwphqwv wkdw hqwhu surgxfwlrq duh qhw ri
dq| dprxqwv glyhuwhg wr uhqw0vhhnhuv1 Wkh uhwxuq wr uhqw0vhhnlqj lv vrph iudfwlrq ri
sxeolf lqyhvwphqwv wkdw d uhqw0vhhnhu lv deoh wr dssursuldwh1 Lq htxloleulxp/ d qrq0
duelwudjh frqglwlrq htxdol}hv wkh  rzv ri lqfrph ehwzhhq surgxfhuv dqg uhqw vhhnhuv/
ohdglqj wr wkh ghwhuplqdwlrq ri wkh sduwlwlrq/ p1 Wkh uroh wkdw ghprfudf| sod|v lq
wklv iudphzrun lv wkdw uhwxuqv wr uhqw0vhhnlqj duh vxemhfw wr erwk wkh srvlwlyh h￿hfw
ri ￿lqfuhdvhg srolwlfdo dffhvv￿ wkdw ghprfudwl}dwlrq pdnhv srvvleoh/ dqg wkh qhjdwlyh
h￿hfw ri +l, furzglqj ri uhqw vhhnhuv dqg +ll, lqfuhdvhg ￿frvwv￿ ri uhqw vhhnlqj wkdw
wkh juhdwhu wudqvsduhqf| ri ghprfudf| uhtxluhv1 Wkxv wkh htxloleulxp vl}h ri uhqw0
vhhnlqj vhfwru zloo ghshqg rq wkh vwdwh ri ghprfudf|1 Dv d uhvxow/ ryhudoo ohyho ri
9Wkh ixqfwlrqdo vhsdudwlrq ehwzhhq uhqw vhhnlqj dqg surgxfwlrq wkdw lv uhsuhvhqwhg e| wkh
pxwxdoo| h{foxvlyh vhwv U dqg S/ devwudfwv iurp d pruh frpsoh{ uhdolw| zkhuh surgxfhuv hqjdjh
lq uhqw0vhhnlqj dqg uhqw0vhhnhuv lq surgxfwlrq1 Krzhyhu/ lw lv uhdvrqdeoh wr lpdjlqh wkdw uhqw
vhhnlqj uhvsrqgv wr lqvwlwxwlrqdo vwuxfwxuhv dqg lqfhqwlyhv lq wkh vdph zd|/ zkhwkhu lw lv fduulhg
rxw e| gl￿huhqw djhqwv ru lw lv d vxe0ixqfwlrq ri d rqh djhqw/ rffxuulqj mrlqwo| zlwk rwkhu ixqfwlrqv1
Wkhuhiruh/ wkh vhsdudwlrq grhv qrw ghwhu iurp wkh jhqhudo qdwxuh ri wkh ￿qglqjv1 \hw e| vlpsoli|lqj
wkh dojheud/ lw khosv wr fu|vwdool}h wkh nh| dujxphqwv pruh vkduso|1
7uhqw vhhnlqj dqg orqj uxq jurzwk erwk ghshqg rq wkh vwdwh ri ghprfudf|1
Hdfk djhqw/ lqgh{hg l> fkrrvhv ehwzhhq surgxfwlrq dqg uhqw vhhnlqj1 Vkh pd{l0
pl}hv wkh glvfrxqwhg xwlolw| vwuhdp
U "
f X+f￿,h34|gw vxemhfw wr wkh exgjhw frqvwudlqw/
f￿ @ +4￿ ￿ ￿,|￿ ￿ b n￿ ;l 5 Q +4,
zkhuh ￿ ￿ lv wkh wd{ udwh jlyhq wr djhqwv +khqfh wkh edu,/ b n￿ lv lqyhvwphqwv e| djhqw
ld q g|￿ 5 \ +l 5 Q, lv wkh kljkhu ri wkh wzr lqfrph vwuhdpv wkdw wkh djhqw fdq
fkrrvh iurp/ surgxfwlrq lqfrph |
R
￿ +iru l 5 S,> ru uhqw vhhnlqj lqfrph |o
￿ +iru l 5 U,=














Jlyhq +5,/ djhqwv pryhphqw iurp rqh vhfwru wr dqrwkhu jhqhudwhv dq duelwudjh df0
wlylw|1 Lq htxloleulxp/ qr ixuwkhu pryhphqw ri djhqwv rffxuv dqg wkh wzr lqfrph
vwuhdpv duh htxdo1 Wklv qrq0duelwudjh frqglwlrq zloo ohdg wr wkh hqgrjhqrxv ghwhu0
plqdwlrq ri wkh qxpehu ri uhqw vhhnlqj djhqwv1 Ehiruh ghulylqj wklv htxloleulxp/ zh
￿uvw vshfli| hdfk vhfwru*v vrxufh ri lqfrph1




￿ ￿ J￿3k ￿ 5 +3>4,>l 5 S +6,
zkhuh n￿ lv wkh sulydwh surgxfwlrq fdslwdo dqg ￿ J lv sxeolf lqyhvwphqwv1 Dv xvxdo/
wkh edu lqglfdwhv wkdw J lv ylhzhg dv ￿{hg e| lqglylgxdov/ exw lv lq idfw yduldeoh
lq wkh djjuhjdwh +wr eh ghwhuplqhg odwhu,1 Wkh hqwu| ri J lqwr wkh surgxfwlrq
ixqfwlrq lv vlplodu wr Eduur +4<<3,:/ exw zlwk wkh glvwlqfwlrq wkdw lw lv qhw ri ixqgv
glyhuwhg wr uhqw vhhnhuv1 Wkxv/ wrwdo jryhuqphqw vshqglqj [ rq sxeolf jrrgv lv ohvv
wkdq uhdol}hg h{shqglwxuhv J hqwhulqj surgxfwlrq1 Wkh gl￿huhqfh ehwzhhq [ dqg J
dffrxqwv iru ￿ohdndjhv￿ gxh wr uhqw vhhnlqj dfwlylwlhv1 Wkh h{solflw uhodwlrq ehwzhhq
J dqg [ zloo eh ghyhorshg odwhu1
515 Vwuxfwxuh ri Uhqw Vhhnlqj dqg Uhodwlrq wr Ghprfudf|
Wkh uhqw vhhnlqj surfhvv ghshqgv rq wkuhh idfwruv/ wkh ehkdylru ri jryhuqphqw
ixqfwlrqdulhv/ wkh ehkdylru ri uhqw vhhnhuv dqg wkh uroh ri ghprfudf| lq wkh surfhvv1
Wkhvh frqfhswv duh ghyhorshg ehorz1
:Xwlolw| hqkdqflqj/ exw rwkhuzlvh xqsurgxfwlyh jryhuqphqw vshqglqj lv ljqruhg1 Dgglqj wklv
h￿hfw lv vlpsoh exw gloxwhv wkh irfxv1 Dovr/ pdq| xwlolw| hqkdqflqj sxeolf h{shqglwxuhv duh lqgluhfwo|
surgxfwlyh1 Iru h{dpsoh/ lpsurylqj wkh txdolw| ri wkh hqylurqphqw/ zdwhu vxsso|/ ru vrfldo vhfxulw|
hqwdlo surgxfwlylw| jdlqv yld lpsuryhg hpsor|hh khdowk dqg prudoh1
851514 Phdvxulqj Ghprfudf|
Iluvw/ wkh uroh ri ghprfudf| qhhgv wr eh fodul￿hg1 Ghprfudf| lv derxw wkh  rz ri
lqirupdwlrq dqg dffhvv wr wkh jryhuqphqw1 Lq dq dwwhpsw wr txdqwli| wklv dvshfw ri
ghprfudf|/ ohw ￿￿, uhsuhvhqw wkh lqirupdwlrq vljqdo derxw d vlqjoh uhqw0vhhnlqj hyhqw
l wkdw uhdfkhv flwl}hq o>o h wd￿, uhsuhvhqw wkh delolw| ri flwl}hq o wr dffhvv dxwkrulwlhv/
edvhg rq wklv lqirupdwlrq1 Wkxv ￿￿, @ k+￿￿,>d ￿,, ghvfulehv wkh ￿surgxfwlrq ixqfwlrq￿
ri ghprfudwlf ￿iuhhgrpv￿ iru flwl}hq o uhjduglqj hyhqw l= Vxssrvh wkhuh duh s flwl}hqv
zlwk vxfk ghprfudwlf iuhhgrpv1 Wkhq o 5 S @ i4>5>===sj dqg S 5 Q vr wkdw
s ￿ q= Djjuhjdwlqj ryhu doo s flwl}hqv/ L￿+s, ￿
SR
,’￿￿￿, gh￿qhv vrflhw|*v djjuhjdwh
lqirupdwlrq dqg ￿dffhvv￿ sdudphwhuv rq hyhqw l zklfk zh wdnh wr uhsuhvhqw wkh vwdwh
ri ghprfudf| uhjduglqj hyhqw l= Qrupdol}lqj wr q/ wkh phdvxuh G￿+s@q, ￿ L￿+s,@q
uhsuhvhqwv djjuhjdwh vwdwh ri ￿ghprfudf|￿ iru hyhqw l= Vxssrvh ghprfudf| lv ￿hyhqw
v|pphwulf/￿ l1h1/ wr dq| flwl}hq o/ wkh lqirupdwlrq dqg dffhvv sdudphwhuv ￿￿, dqg d￿,
rq dq| hyhqw l duh wkh vdph dv dq| rwkhu hyhqw m1 Wkhq G￿+s@q, @ G￿+s@q, ￿ G/ ;
l dqg m1 Vlqfh s@q￿ +3>4,/ zlwkrxw orvv ri jhqhudolw|/ zh gh￿qh phdvxuh G ryhu wkh
xqlw lqwhuydo/ G￿+3>4,1
51515 Jryhuqphqw Ixqfwlrqdulhv
Vxssrvh wkdw wkhuh duh qxphurxv +wkxv dwrplvwlf, jryhuqphqw ixqfwlrqdulhv wkdw duh
dssrlqwhg iru olih/ lqghshqghqw ri wkh srolwlfdo surfhvvhv wkdw pljkw ohdg wr fkdqjhv
dprqj wrs srolf| pdnhuv1; Uhqw vhhnlqj wudqvdfwlrqv duh dvvxphg wr wdnh sodfh
ehwzhhq wkh sulydwh uhqw vhhnlqj djhqwv dqg wkhvh jryhuqphqw ixqfwlrqdulhv1 D
ixqfwlrqdu| surylghv ehqh￿wv wr wkh uhqw vhhnhu l zklfk lv d iudfwlrq j￿ 5 +3>4, ri
wrwdo sxeolf ixqgv/ [= Wkh iudfwlrq j￿ ghshqgv/ lq sduw/ rq krz forvh lv wkh uhqw
vhhnhu l*v ghpdqg iru d sduwlfxodu vhuylfh +ru idyru, lv wr wkh ixqfwlrqdu|*v gxwlhv1
Vlqfh d pruh ghprfudwlf vwdwh doorzv iru ehwwhu  rz ri lqirupdwlrq/ wklv |lhogv d
forvhu pdwfk ehwzhhq wkh uhqw vhhnhu dqg wkh ixqfwlrqdu|1 Pruhryhu/ ghprfudf|
dovr doorzv juhdwhu dffhvv wr wkh exuhdxfudf| dv zh kdyh vhhq1 Erwk idfwruv udlvh wkh
h￿hfwlyhqhvv ri uhqw vhhnlqj dqg wkhuhiruh wkh vl}h ri j￿1 Wkxv/ ohw j￿ @ z+G,￿￿ zkhuh
z+G, lv d zhljkw ^z+G, 5 +3>4,‘/ lqfuhdvlqj zlwk G= Lq uhwxuq iru surylglqj j￿ /w k h
uhqw vhhnhu uhfhlyhv d sursruwlrqdo euleh/ ￿￿j￿[ zkhuh ￿￿ 5 +3>4,1 Wkh ￿vxsso|￿
ixqfwlrq j￿ lv wkh vroxwlrq wr wkh xwlolw| pd{lpl}dwlrq sureohp ri wkh jryhuqphqw
ixqfwlrqdu| iurp wklv uhqw vhhnlqj wudqvdfwlrq/ jlyhq ￿￿= W k l vl vw k hy d o x hr iw k h
euleh/ ohvv wkh h{shfwhg frvw ri ehlqj fdxjkw1 Dvvxph wkdw wkh ixqfwlrqdu|*v xwlolw|
lv vhsdudeoh lq hdfk wudqvdfwlrq kh lv hqjdjhg lq1 Wkxv wkh xwlolw| iru wkh wudqvdfwlrq
zlwk uhqw vhhnhu l lv=
;Zh dvvxph wkdw hqwhulqj wkh jryhuqphqw lv qrw d fkrlfh wr flwl}hqv/ dv dq lpsolhg udwlrqlqj ri
jryhuqphqw srvwv lv dvvrfldwhg zlwk eduulhuv wr hqwu| lqwr vxfk srvwv1
9xC
￿ @ ￿￿j￿[ ￿ fC￿C+j￿,[ +C￿C@Cj￿ A 3, +7d,
zkhuh/
j￿ @ z+G,￿￿ +z￿ A 3,/ +7e,
dv lqglfdwhg hduolhu1 Khuh fC lv wkh frvw wr wkh exuhdxfudw lq wkh hyhqw kh lv
fdxjkw> ￿C+jr
￿, lv wkh suredelolw| ri ehlqj fdxjkw/ zklfk ghshqgv rq wkh iudfwlrq
ri ixqgv glyhuwhg1 Wkh dvvxpswlrq khuh lv wkdw vdqfwlrqv rq exuhdxfudwv pxvw
glvvxdgh ixuwkhu dfwlylw| dqg wkxv eh sursruwlrqdo wr wkh iudfwlrq ri ixqgv gl0
yhuwhg1 Jlyhq d ydoxh ri ￿￿/ wkh exuhdxfudw*v rswlpdo vxsso| ri vhuylfhv jW
￿ wr
uhqw vhhnhu l vroyhv wkh xwlolw| pd{lpl}dwlrq sureohp ￿￿ ￿fCC￿C@Cj￿ @3 / |lhoglqj/
jW
￿ @ z+G,￿W
￿+￿￿, ￿ j￿+G>￿￿,1 Wkh vhfrqg rughu frqglwlrq rq xwlolw| pd{lpl}dwlrq
jxdudqwhhv wkdw C2￿C@C+j￿,2 A 3/ l1h1/ kljkhu jW
￿ lv olnho| wr eh glvfryhuhg dw d idvwhu
udwh1 Gl￿huhqwldwlqj wkh ￿uvw rughu frqglwlrq/ zh ￿qg wkdw/
CjW
￿@C￿￿ @4 @^fCC2￿C@C+j￿,2‘ A 3 +8,
Lq dgglwlrq/ j￿ ￿vkliwv￿ grzq zlwk dq lqfuhdvh lq ryhudoo uhqw vhhnlqj dfwlylw|/ dv





￿’￿c￿￿’￿ ￿￿, zlwk Cj￿@C+
[￿’6
￿’￿c￿￿’￿ ￿￿, ? 3 dqg Cj￿@C￿￿ A 3 +9,
zkhuh wkh yhuwlfdo edu lqglfdwhv wkdw wkh djjuhjdwh h￿hfw ri uhqw vhhnlqj e| rwkhuv
+dqg ri frxuvh wkh vwdwh ri ghprfudf|, lv h{whuqdo dqg wkhuhiruh jlyhq wr dq| vlqjoh
jryhuqphqw ixqfwlrqdu|1
51516 Uhqw vhhnlqj djhqwv
Zh qrz ghyhors wkh vwuxfwxuh prwlydwlqj uhqw vhhnlqj e| wkh lqglylgxdo djhqw1 Uhqw
vhhnhuv dfw vwudwhjlfdoo| ylv0d0ylv wkh jryhuqphqw ixqfwlrqdulhv lq wkh vhqvh ri re0
vhuylqj wkh srvlwlyh h￿hfw ri wkhlu rzq h￿ruw rq wkh ehqh￿w wkh| uhfhlyh iurp wkh
jryhuqphqw ixqfwlrqdulhv1 Rwkhuzlvh/ qr uhqw vhhnlqj zrxog wdnh sodfh1 Frqvlvwhqw
zlwk wklv/ wkh uhqw vhhnlqj djhqw l glyhuwv d iudfwlrq j￿ ri wrwdo sxeolf ixqgv [ zkhuh
j￿ lv jlyhq e| +9e,/ l1h1 vkh lqfrusrudwhv wkh jryhuqphqw ixqfwlrqdulhv rswlpxp
vxsso| ixqfwlrq lq khu uhqw vhhnlqj ehkdylru1 Wkxv khu jurvv lqfrph lv j￿[1
Wkh frvw ri uhqw0vhhnlqj frqvlvwv ri wzr idfwruv= Wkh ￿uvw lv wkh dfwxdo frvw
ri uhqw vhhnlqj/ h1j1/ eulelqj sxeolf r!fldov1 Zh vdz lq vhfwlrq 51515 wkdw wklv lv
:vrph ￿￿ +3>4, iudfwlrq ri wkh uhqw vhhnhu*v jurvv lqfrph j￿[/ sdlg wr wkh jryhuqphqw
ixqfwlrqdu|1 Wkxv/ ￿￿ hqwhuv erwk wkh frvw ri uhqw vhhnlqj dqg dovr/ yld 9/ wkh
ehqh￿wv iurp lw1 Uhqw vhhnhuv zloo fkrrvh ￿￿ wr pd{lpl}h uhqw vhhnlqj lqfrph1 Wklv
zloo eh ghulyhg lq wkh qh{w vxevhfwlrq1
Wkh vhfrqg frvw lv wkh frvw ri ehlqj ￿fdxjkw￿+h1j1/ ￿qhv/ irujrqh sur￿wv/ uhs0
xwdwlrq frvwv,/ vlqfh uhqw vhhnlqj lv suhvxphg loohjdo<1 Wklv frvw lv dvvxphg wr
eh xqlirup dfurvv djhqwv dqg wr lqfuhdvh zlwk ghprfudwl}dwlrq gxh wr wkh juhdwhu
wudqvsduhqf| ri ghprfudflhv1 Ohw f uh hfw vxfk frvwv shu groodu ri uhqwv dqg ￿
5 +3>4, wkh suredelolw| ri ehlqj fdxjkw1 Wklv suredelolw| ghshqgv rq +l, wkh  rz ri
lqirupdwlrq dqg +ll, wkh delolw| wr dffhvv srolwlfdo dxwkrulwlhv wr suhvvxuh wkh jry0
huqphqw wr sxqlvk wkh uhqw vhhnhu zklfk/ jlyhq wkh glvfxvvlrq lq Vhfwlrq 51514/ fdq
eh vxppdul}hg e| wkh ghprfudf| lqgh{1 ￿^G+s@q,‘1
Zlwk wklv edfnjurxqg/ wkh uhqw vhhnhu*v qhw h{shfwhg lqfrph lv=
|o
￿ @^ +4 ￿￿￿,￿ f￿+G,‘j￿+￿￿mG>
[￿’6
￿’￿c￿￿’￿ ￿￿,[















Lw pxvw eh hpskdvl}hg/ dv zdv suhylrxvo| phqwlrqhg/ wkdw ehvlghv G dqg p/w k h
odvw whup
S￿’6
￿’￿c￿￿’￿￿￿ dsshduv ￿{hg wr wkh lqglylgxdo uhqw vhhnhu/ exw ydulhv lq wkh
djjuhjdwh zlwk wkh dfwlrq ri doo uhqw vhhnhuv wdnhq wrjhwkhu1
51517 Uhqw vhhnhuv* Rswlpl}lqj Ehkdylru
Wkh rswlpl}lqj ehkdylru ri djhqwv lqyroyhv dq lqwhuwhpsrudo dqg dq lqwudwhpsrudo
ghflvlrq1 Wkh odwwhu lv wkh ghflvlrq ri zkhwkhu wr hqjdjh lq uhqw0vhhnlqj ru sur0
gxfwlrq1 Wkh iruphu lv wr fkrrvh wkh rswlpxp sdwk ri frqvxpswlrq2dffxpxodwlrq/
jlyhq wkh lqwudwhpsrudo ghflvlrq1 Frqvlghu ￿uvw wkh lqwudwhpsrudo ghflvlrq1 Zlwk p
dqg J dv h{rjhqrxv wr wkh dwrplvwlf djhqwv/ wkh rswlpl}lqj ehkdylru ri dq djhqw zkr
uhqw0vhhnv lv wr fkrrvh wkh rswlpxp lqwhqvlw| ￿￿/ li wklv rswlpl}dwlrq |lhogv uhqwv dw
ohdvw dv kljk dv wkh lqfrph vkh zrxog kdyh jdlqhg iurp surgxfwlrq1 Rwkhuzlvh wklv
djhqw zloo qrw eh d uhqw vhhnhu1 Wklv phdqv wkdw ￿￿ pd{lpl}lqj |￿ lq +5, lv srvlwlyh/





￿ / dqg }hur/ rwkhuzlvh1 Wkdw lv=
<Odwhu/ zh xvh ￿fruuxswlrq￿ gdwd wkdw lqyroyhv loohjdo dfwlylwlhv vxfk dv eulehu|1
;;l 5 Q =
l 5 U dqg ￿W






l 5 S dqg ￿W






Qrwh wkdw lq +<, djhqwv ylhz |
R
￿ dv lqghshqghqw ri ￿￿1 Wklv lv ehfdxvh |
R
￿ ghshqgv rq
uhqw vhhnhuv* ehkdylru rqo| dw wkh djjuhjdwh/ zrunlqj yld wkh dgyhuvh h￿hfw ri uhqw
vhhnlqj rq sxeolf vshqglqj J/ dv zh zloo vhh vkruwo|1
Zkhq l 5 U/ wkh ￿uvw rughu frqglwlrq/ iru vwulfwo| srvlwlyh ￿W












￿’￿c￿￿’￿￿￿, l/ m 5 U +43,
Dv h{shfwhg/ htxdwlrq +43, vkrzv wkdw dq rswlpxp ￿W
￿ rffxuv zkhuh wkh h{shfwhg
pdujlqdo frvw ri uhqw vhhnlqj htxdov lwv pdujlqdo ehqh￿w1 Wkh vhfrqg rughu frqglwlrq
lv orfdoo| vdwlv￿hg li j￿ lv orfdoo| frqfdyh lq ￿￿=43 Qrwh wkdw wkh lpsolflw vroxwlrq wr
+43, lv djhqw l*v ￿uhdfwlrq ixqfwlrq￿ wr doo rwkhu djhqwv/ wdnhq wrjhwkhu1
Vlqfh uhqw vhhnhuv vhhn sxeolf ixqgv iru rzq sxusrvhv +h1j1/ d vlghzdon lq iurqw
ri klv2khu gzhoolqj,/ wkh l|￿ uhqw vhhnhu*v uhzdug j￿[ lv d gl￿huhqwldwhg surgxfw1
Hvvhqwldoo|/ wklv phdqv wkdw hdfk djhqw vhhnv d voljkwo| gl￿huhqw jrdo iurp rwkhuv/
wkxv dq lpshuihfw vxevwlwxwh iru wkh jrdov ri dq| rwkhu djhqw1 Dv xqghu prqrsrolvwlf
frpshwlwlrq/ surgxfw gl￿huhqwldwlrq wkhq lpsolhv djhqw l*v delolw| wr lq xhqfh srolf|
lq khu idyru h{fhhgv doo rwkhu djhqwv* delolw| wr frxqwhu djhqw l*v h￿ruwv1 Rwkhuzlvh/
l zrxog qrw hqjdjh lq uhqw vhhnlqj1 Wkxv/
Cj￿@￿￿ A
[￿’6
￿’￿c￿￿’￿ mCj￿@C￿￿m l/ m 5 U +;e,
Dvvxpswlrqv +;d, dqg +;e, uh hfw wkh vw|ol}hg idfwv wr eh xwlol}hg lq wkh sursrvlwlrqv
ghyhorshg ehorz1
Xqghu v|pphwulf htxloleulxp/ ￿W
￿ @ ￿W
￿1 Wkhq/ htxdwlrq +43, lv vroyhg wr wkh
|lhog wkh htxloleulxp ohyho ri ￿W
￿1L wl vv h h qw k d w￿W
￿ rqo| ghshqgv rq G dqg p ￿ 4/
ru vlpso| ri G dqg p=
￿W
￿ ￿ ￿W+G>p, l 5 U @ i4===pj +44,
43Wkh vhfrqg rughu frqglwlrq lv= 3
Y}lE￿￿























<Wr surfhhg ixuwkhu zh qhhg wr xqghuvwdqg krz wkh ixqfwlrq ￿W+G>p, ehkdyhv1
Wklv lv lpsruwdqw ehfdxvh lw d￿hfwv wkh glvfxvvlrq ri wkh lpsdfw ri ghprfudf| rq
wkh vl}h ri wkh uhqw vhhnlqj vhfwru +p,= Wkh iroorzlqj wzr sursrvlwlrqv hvwdeolvk wkh
surshuwlhv ri wkh sduwldo ghulydwlyhv ri ￿W+=,=
Sursrvlwlrq 4= Iru dq| G/ li wkh uhqw vhhnlqj uhwxuq ixqfwlrq j￿+=, lv dgglwlyh
lq ￿￿ dqg ￿￿/ wkhq lq v|pphwulf htxloleulxp/ d pruh furzghg sod|lqj ￿hog +odujhu
p, phdqv d pruh lqwhqvh uhqw0vhhnlqj h￿ruw/ ￿W> l1h1/ C￿W@Cpm 7 ( A 3=
Surri= Vhh Dsshqgl{ 41
Wkh lqwxlwlrq ehklqg wklv uhvxow lv wkdw djhqwv ￿qg wkhpvhoyhv irufhg wr hqjdjh
lq uhqw vhhnlqj pruh lqwhqvho| lq rughu wr frxqwhu wkh h￿hfwv ri d pruh frpshwlwlyh
sod|lqj ￿hog1 Qh{w/ zh frqvlghu krz uhqw0vhhnlqj uhvsrqgv wr fkdqjhv lq ghprfudf|/
G/ kroglqj p frqvwdqw1
Sursrvlwlrq 5= Iru dq| p/ pruh ghprfudf| phdqv ohvv uhqw vhhnlqj lqwhqvlw|
+C￿W@CG ?3,1
Surri= Vhh Dsshqgl{ 51
Wkh frqglwlrq lq wklv sursrvlwlrq lv frqvlvwhqw zlwk wkh qrwlrq wkdw ghprfudwl}d0
wlrq hqwdlov juhdwhu wudqvsduhqf| +vhh lqwurgxfwlrq,1 Juhdwhu wudqvsduhqf| uhgxfhv
uhwxuqv wr +ru pdujlqdo surgxfwlylw| ri, uhqw vhhnlqj/ dv lqirupdwlrq rq uhqw vhhnlqj
dfwlylwlhv lv ehwwhu sxeolfl}hg1
Lq dgglwlrq/ zh qhhg wr xqghuvwdqg wkh htxloleulxp surshuwlhv ri wkh j￿ ixqfwlrq
lq +9,1 Zlwk v|pphwu| dprqj p djhqwv wklv ixqfwlrq ehfrphv=
j￿+G>￿￿>
[￿’6
￿’￿c￿￿’￿ ￿￿, @ jW+G>￿W
￿>+p ￿4,￿W





￿, @ jW+G>￿W+G>p,>+p ￿ 4,￿W+G>p,, ￿ ￿ j+G>p,> +46,
vkrzlqj wkdw ￿ j dovr ghshqgv rqo| rq wkh vwdwh ri ghprfudf| dqg wkh vl}h ri wkh uhqw
vhhnlqj vhfwru1 Pruhryhu/ iurp wkh ghulydwlyhv ri wkh j￿+=, ixqfwlrq lq p dqg G







43Pd{lpxp uhqw vhhnlqj lqfrph lv irxqg e| vxevwlwxwlqj iurp +44, dqg +46, lqwr
+:,/ |lhoglqj/
|oW @^ 4￿ ￿W+G>p, ￿f￿+G,‘￿ j+G>p,[ +48,
Revhuyh wkdw dv p lqfuhdvhv |oW idoov erwk ehfdxvh uhzdugv wr uhqw vhhnlqj ￿ j idoo
+pruh furzghg ￿hog,> dqg ehfdxvh uhqw vhhnlqj lqwhqvlw| ￿W ulvhv1
E| htxdwlrq +<,/ uhqw vhhnhuv dovr qhhg wr nqrz wkh dowhuqdwlyh lqfrph vwhdp
dydlodeoh iurp surgxfwlrq1 Wr ￿qg |R zh qhhg wkh ydoxh ri J/ wkh sduw ri vshqglqj
hqwhulqj surgxfwlrq1 Wklv ydoxh lv/
J @ [ ￿+
6 [
￿’￿
j￿,[ @^ 4￿ p￿ j+=,‘[ +49,
Surgxfwlrq lqfrph lv wkhq irxqg iurp/
|R @ nkJ￿3k @ nk^i4 ￿p￿ j+=,j[‘￿3k +4:,
Htxdwlrqv +48, dqg +4:, duh xvhg lq wkh qrq0duelwudjh frqglwlrq ehorz1
51518 Qrq0duelwudjh Frqglwlrq ￿ Ghwhuplqlqj p
Dowkrxjk djhqwv ylhz p dv h{rjhqrxv/ hdfk djhqw*v ghflvlrq ri zkhwkhu wr fkrrvh
uhqw vhhnlqj ru surgxfwlrq grhv d￿hfw p lq wkh djjuhjdwh1 Zkhq wzr lqfrph
vwuhdpv/ |R dqg |oW/ duh htxdo/ djhqwv zloo eh lqgl￿huhqw ehwzhhq wkhp1 Wklv qrq0
duelwudjh frqglwlrq ohdgv wr wkh hqgrjhqrxv ghwhuplqdwlrq ri p lq htxloleulxp +vd|
pe ,1 Wklv lv dq lqwudwhpsrudo htxloleulxp frqglwlrq/ wdnlqj sodfh dw jlyhq wlph/
w1 Odwhu/ lw zloo eh vhhq wkdw g|qdplf frqvlghudwlrqv dovr hqwhu wkh ghwhuplqdwlrq
ri p= Wkh lqwhjhu p lv irxqg dv wkh qhduhvw lqwhjhu wr d uhdo qxpehu wkdw vdwlv￿hv
wkh iroorzlqj htxloleulxp frqglwlrq44=
|R
e @ |oW
e , nk^i4￿ pe￿ j+=,j[‘￿3k @ +4 ￿ ￿W+=>pe, ￿f￿+G,,￿ j+=>pe,[> +4;,
zklfk vlpsol￿hv wr=
+n@[,k^4 ￿ pe￿ j+G>pe,‘￿3k @^ 4￿￿W+G>pe, ￿f￿+G,‘￿ j+G>pe, +4<,
Wkh vl}h ri uhqw vhhnlqj vhfwru pe lv wkh lpsolflw vroxwlrq wr +4<,1 Qrwh wkdw pe
ghshqgv rq G dqg n@[ udwlr=
pe @ pe+G>n@[, +53,
Wkxv d nh| wr wkh h{lvwhqfh ri pe dqg lwv surshuwlhv lv ghwhuplqlqj n@[1W k l v
uhtxluhv dqdo|}lqj jurzwk ￿uvw1 Lw zloo wkhq eh vkrzq wkdw iru dq hfrqrp| lq vwhdg|0
vwdwh/ dq htxloleulxp ydoxh ri pe h{lvwv/ xqghu plog frqglwlrqv/ dqg lv xqltxh1
44Jlyhq wkdw p lv d odujh qxpehu/ wkh gl￿huhqfh ehwzhhq lw dqg wkh uhdo qxpehu zloo eh h{fhhglqjo|
lqvljql￿fdqw1
4451519 Jurzwk
Dv vwdwhg hduolhu/ wkh lqfrph ri doo djhqwv +surgxfhuv dqg uhqw0vhhnhuv,/ lv wd{hg dw
wkh udwh ￿ wr ￿qdqfh sxeolf vshqglqj [1 Hdfk djhqw*v exgjhw frqvwudlqw lv +4￿￿ ￿,|￿ @
f￿ . b n￿ shu htxdwlrq +4,/ zkhuh |￿ @p d { +|
R
￿ >|o




duh jlyhq e| htxdwlrqv +6, dqg +:,1 Djhqwv pd{lpl}h wkh glvfrxqwhg xwlolw| vwuhdpv U "
f X+f￿,h34|gw vxemhfw wr wkhlu exgjhw frqvwudlqw +￿ @ glvfrxqw idfwru,/ zlwk erwk ￿
dqg J shufhlyhg dv ￿{hg1 Lq htxloleulxp/ pe djhqwv uhqw0vhhn dqg q￿pe surgxfh1





￿1 Wklv vlpsol￿hv wkh dqdo|vlv juhdwo|/ vlqfh wkh exgjhw frqvwudlqw fdq eh
h{suhvvhg lq whupv ri surgxfhuv lqfrph rqo|= +4￿￿ ￿,nk
￿ ^i4￿pe￿ j+=,j[‘￿3k @ f￿. b n￿
hyhq wkrxjk lw dssolhv wr doo q djhqwv1 Xvlqj htxdwlrq +6, iru |
R
￿ dqg wkh xwlolw|
ixqfwlrq X+f￿, @ oq+f￿,/ wkh ghfhqwudol}hg jurzwk sdwk iru djhqwv l lv jlyhq iru e|=
￿￿ @
￿





l 5 Q +54,
5151: Djjuhjdwlrq dqg wkh Vwhdg|0Vwdwh
Lq wkh djjuhjdwh erwk ￿ dqg J duh hqgrjhqrxv1 Lq sduwlfxodu/ wd{hv duh sdlg wr






















zkhuh wkh vxevfulsw l lv gursshg1
Qrz frqvlghu vhyhudo htxloleulxp udwlrv1 Wkh htxloleulxp udwlr ri J@[/v d |













45dqg wkh udwlr n@[ lv irxqg iurp wkh qrq0duelwudjh frqglwlrq +4<,1 Htxdwlrqv +4<,
dqg +56,0+58, wkhq ghwhuplqh wkh vwhdg|0vwdwh udwlrv lqyroylqj yduldeohv/ n>[>Je/
dqg |R= Vshfl￿fdoo|/ iurp +56,0+58,=
Je
n











Wkh Je@n udwlr lq +59, lv xvhg wr vlpsoli| wkh vwhdg|0vwdwh jurzwk udwh +vkruwo|
ehorz, dqg wkh ne@[ udwlr lq +5:, lv xvhg lq +4<, wr surylgh wkh ￿qdo h{suhvvlrq iru
wkh htxloleulxp ydoxh ri pe zklfk lv=
4
￿q
@ +4 ￿￿W+G>pe, ￿f￿+G,,￿ j+G>pe, @, pW
e ￿ peW+G, +5;,
zkhuh pW
e ghqrwhv erwk wkh lqwhu0vhfwrudo+qrq0duelwudjh, htxloleulxp dqg wkh vwhdg|0
vwdwh1 Sursrvlwlrq 6 +ehorz, vkrzv wkdw pW
e zloo h{lvw dqg lv xqltxh xqghu plog
frqglwlrqv1
Qrwh wkdw xqolnh pe/ pW
e qr orqjhu ghshqgv rq n@[ udwlr/ exw rqo| rq G1 Ixu0
wkhupruh/ xqolnh +4<,/ wkh ohiw kdqg vlgh ri +5;, lv qrz lqghshqghqw ri p1 Wkh h{0
sodqdwlrq olhv lq htxdwlrqv +4<, dqg +5:,1 Vshfl￿fdoo|/ lq +4<, wkh whup ^4￿pe￿ j+=,‘
uhsuhvhqwv wkh h{whqw wkdw uhqw0vhhnlqj glyhuwv iurp sxeolf ixqgv shu xqlw ri [1
Htxdwlrq +5:, vkrzv wkdw wklv glyhuvlrq lv h{dfwo| r￿vhw e| dq lqfuhdvh lq wkh vwrfn
ri sulydwh fdslwdo1 Wkh qhw uhvxow lv wkdw wkh ohiw kdqg vlgh ri +5;, lv xqd￿hfwhg1
Wklv revhuydwlrq lpsolhv wkdw uhqw vhhnlqj ehkdylru lq wkh orqj uxq lqyroyhv frqvlg0
hudwlrqv rqo| zlwklq wkh uhqw vhhnlqj vhfwru/ dv h{suhvvhg e| wkh uljkw kdqg vlgh ri
+5:,1
Lw lv dovr lpsruwdqw wr revhuyh wkdw wkh udwlr ri wrwdo jryhuqphqw vshqglqj wr
qdwlrqdo rxwsxw/ [@q|
R
e/l vqrw ghwhuplqhg zlwklq wkh v|vwhp ri htxdwlrqv +56,0+5;,/
exw uhpdlqv h{rjhqrxv1 Wklv lpsolhv wkdw dq| ohyho ri wklv udwlr lv vxssruwhg e| wkh







Lw iroorzv wkdw wkh wd{ udwh +htq1 56, lv ghwhuplqhg e| dq| h{rjhqrxv ydoxh ri ￿=
￿ @ ￿ +63,
Dowkrxjk d uhsuhvhqwdwlyh jryhuqphqw pd| fkrrvh d vrfldoo| rswlpxp ￿ e| pd{l0
pl}lqj jurzwk +dv iru h{dpsoh lq Eduur/ 4<<3,/ d jryhuqphqw surqh wr uhqw vhhnlqj
46pd| qrw1 Wkxv wkh dvvxpswlrq ri d rswlpxp fkrlfh ri ￿ pd| eh frqvlvwhqw rqo|
zlwk kljkhvw ydoxhv ri G1 Vlqfh wkh ohyho ri ghprfudf| lv qrw xqlirup lq rxu prgho/
wklv dvvxpswlrq lv qrw xqlyhuvdoo| ydolg khuh145











5151; Surshuwlhv ri peW+G,1
D1 H{lvwhqfh dqg Xqltxhqhvv lq Vwhdg| Vwdwh
Sursrvlwlrq 6= D vwhdg|0vwdwh htxloleulxp ydoxh ri pW
e zloo h{lvw dqg lv xqltxh
rqo| li lqfhqwlyhv idyru hqwu| ri wkh ￿uvw vhhnhu/ l1h1/ zkhq |W




e vroyhv +5;,1 Wkh ohiw kdqg vlgh ri +5;, lv d frqvwdqw vlqfh ￿ @ ￿1
Wkh uljkw kdqg vlgh prqrwrqlfdoo| ghfuhdvhv lq p +uhfdoo wkdw ￿ lqfuhdvhv dqg ￿ j
ghfuhdvhv lq p1, Vxevwlwxwlqj iru ￿ iurp +5<,/ wkh ohiw vlgh ri +5;, ehfrphv |
R
e@[1
Wkh uljkw vlgh lv |W
o@[1W k x v li dw wkh plqlpxp ydoxh ri p @4wkh frqglwlrq
|W
o+p @4 , A|
R
e krogv/ l1h1/ wkh yhuwlfdo lqwhufhsw ri wkh uljkw kdqg vlgh h{fhhgv wkh
ohiw kdqg vlgh1 Lw iroorzv wkdw wkh wzr vlghv lqwhuvhfw lq U2
n ohdglqj wr d srvlwlyh
dqg xqltxh ydoxh ri pW
e= T1H1G1
E1 H￿hfw ri Ghprfudf| rq p=
Wr xqghuvwdqg krz wkh lqfhqwlyh vwuxfwxuh ri uhqw vhhnhuv ghshqgv rq wkh vwdwh ri
ghprfudf|/ dq hvvhqwldo surshuw| ri p qhhgv wr eh ghulyhg1 Wklv surshuw|/ ghvfulehg
ehorz/ xwlol}hv sursrvlwlrqv 4 dqg 5 +rq wkh ehkdylru ri ￿, wrjhwkhu zlwk lqhtxdolw|
+47,1
Sursrvlwlrq 7= Li wkh vhqvlwlylw| ri wkh vdqfwlrqv suredelolw| ￿+G, wr ghprfudf|
lqgh{ lv ￿vpdoo￿/ wkhq lq vwhdg|0vwdwh/ wkh htxloleulxp qxpehu ri uhqw0vhhnhuv/ pW
e
lqfuhdvhv zlwk wkh ghprfudf| lqgh{1
Surri= Vhh Dsshqgl{ 61
Lq sduwlfxodu/ iurp wkh dsshqgl{ zh kdyh/
45Rqh dssursuldwh frxuvh ri dfwlrq lv wr wuhdw w dv h{rjhqrxv lq wkh prgho dqg wkhq wr hpslul0
fdoo| h{dplqh/ lq d jurzwk uhjuhvvlrq frqwh{w/ wkh vljql￿fdqfh ri lwv frh!flhqw1 Dq lqvljql￿fdqw
frh!flhqw zrxog eh frqvlvwhqw zlwk dq xqghuo|lqj rswlpl}lqj ehkdylru ehfdxvh lw zrxog lpso| d
qhdu }hur vorsh +vhh Eduur/ 4<<3,> d vljql￿fdqw frh!flhqw zrxog lpso| qrq0rswlpl}lqj ehkdylru1
Wklv dssurdfk lv fduulhg rxw lq d vhsdudwh zrunlqj sdshu e| wkh dxwkruv1
47peW
(+G, A 3> li ￿(+G, ￿




H{suhvvlrq +65, vd|v wkdw li wkh suredelolw| ri vdqfwlrqv wr fxue uhqw vhhnlqj ehkdy0
lru grhv qrw ulvh wrr idvw zlwk pruh ghprfudf|/ wkhq pruh dgydqfhg ghprfudflhv
h{shulhqfh d ulvh lq wkh qxpehu ri uhqw vhhnhuv1 Wklv uhvxow rewdlqv ehfdxvh lqfuhdvhg
dffhvv wr srolw| wkdw ghprfudf| d￿rugv/ udlvhv uhzdugv wr uhqw vhhnlqj iru dq| p
+￿ j(m6’SJ?r |@? | A 3,1 Wkh uhvxow rewdlqv/ ghvslwh wkh idfw wkdw lqfuhdvhg frpshwl0
wlrq dprqj uhqw vhhnhuv ohdgv wr d pruh lqwhqvh uhqw vhhnlqj h￿ruw +￿6 A 3,/ dqg wr
uhgxfhg uhzdugv wr uhqw vhhnhuv +￿ j6m(’SJ?r|@? | ? 3,= \hw dv zh zloo vhh lq wkh iro0
orzlqj vhfwlrq/ wkh odwwhu wzr idfwruv zklfk dffrpsdq| d pruh frpshwlwlyh sod|lqj
￿hog hyhqwxdoo| irufh djjuhjdwh uhqwv wr idoo zkhq wkh G lqgh{ lv vx!flhqwo| odujh/
fuhdwlqj dq lqyhuwhg X h￿hfw1
5151< Djjuhjdwh Uhqwv
Gh￿qh djjuhjdwh uhqwv e| U1 Wkhq U @ pj[= Ohw u ghqrwh uhqw vhhnlqj shu xqlw
ri jryhuqphqw vshqglqj1 Wkhq/ u @ pj= Lq vwhdg|0vwdwh htxloleulxp wkh ydoxh ri u
lv=
uW+G, @ peW+G,￿ j^G>peW+G,‘ +66,
Wkh txhvwlrq lv krz u ghshqgv rq G dw dq| srlqw lq wlph1 Wklv lv vkrzq ehorz=






￿ }( wkhq uW h{klelwv dq
lqyhuwhg X sdwwhuq lq G1
Surri= Vhh Dsshqgl{ 71
Wkh frqglwlrq vshfl￿hg lq sursrvlwlrq +8, edvlfdoo| vd|v wkdw zkhq erwk ￿ dqg
u duh qrupdol}hg e| wkhlu uhvshfwlyh uhvsrqvhv wr G/ wkhq dv wkh uhqw0vhhnlqj ￿hog
ehfrphv pruh frpshwlwlyh +p ulvhv, wkh uhqw vhhnlqj lqwhqvlw| +￿, vkrxog ulvh e|
pruh wkdq wkh uhzdug iurp uhqw vhhnlqj +j, ghfolqhv1
515143 Jurzwk dqg Uhqw Vhhnlqj
H{suhvvlqj vwhdg|0vwdwh jurzwk/ htxdwlrq +64,/ lq whupv ri htxdwlrq +66,/ zh fdq












CuW ? 3 +68,
Exw vlqfh uW lv d ixqfwlrq ri ghprfudf|/ lw iroorzv wkdw wkh lqyhuwhg X h￿hfw ri
Sursrvlwlrq +8, lv uhyhuvhg=
Sursrvlwlrq 9= Li uhqw vhhnlqj h{klelwv wkh ￿lqyhuwhg X￿ sdwwhuq zlwk uhvshfw wr
ghprfudf|/ dv ghvfulehg lq Sursrvlwlrq 8/ wkhq jurzwk zloo h{klelw d ￿X￿ sdwwhuq
zlwk uhvshfw wr ghprfudf|1
Sursrvlwlrq +9, lv d qdwxudo h{whqvlrq ri sursrvlwlrq +8,1 Lw uhvxowv iurp wkh
orjlf wkdw uhqw vhhnlqj/ rq wkh ulvh lq hduo| ghprfudflhv/ uhgxfhv wkh surgxfwlyh sduw
ri jryhuqphqw vshqglqj/ lqklelwlqj jurzwk1 E| frqwudvw/ lq pdwxuh ghprfudflhv/
uhqw vhhnlqj h￿hfwv duh ohvv lpsruwdqw/ zlwk ohvv kdup wr sxeolf fr￿huv/ dqg wkxv wr
jurzwk1
6 Vrph Vxssruwlyh Hylghqfh
Vxssruw iru wkh lqyhuwhg X sdwwhuq rq wkh uhodwlrq ehwzhhq ghprfudf| dqg uhqw
vhhnlqj/ suhglfwhg e| wkh wkhru|/ fdq eh johdphg iurp Iljxuh 4 zklfk lv edvhg rq
dq dqdo|vlv ri wzr pdmru gdwd vhulhv/ d ￿fruuxswlrq￿ lqgh{ dqg d ghprfudf| lqgh{461
46￿Fruuxswlrq￿ gdwd duh iurp wkh Lqwhuqdwlrqdo Frxqwu| Ulvn Jxlgh +LFUJ,/ surylghg e| wkh
sulydwh ￿up/ SUV/ dqg fryhu 4<;704<<7 +4<;50<5 iru d ihz frxqwulhv,1 Wkh| lqglfdwh wkh h{whqw wr
zklfk/ ￿kljk jryhuqphqw r!fldov duh olnho| wr ghpdqg vshfldo sd|phqwv/￿ dqg ￿loohjdo sd|phqwv
duh h{shfwhg lq orzhu ohyhov ri jryhuqphqw￿/ lq irup ri ￿eulehv frqqhfwhg zlwk lpsruw dqg h{sruw
olfhqvhv/ h{fkdqjh frqwurov/ wd{ dvvhvvphqwv/ srolf| surwhfwlrq/ ru ordqv￿ +Nqdfn dqg Nhhihu/ 4<<8,1
Wklv gh￿qlwlrq sduwlfxoduo| vxlwhv rxu wkhruhwlfdo frqfhsw ri uhqwv dv h{wudfwlrq ri uhvrxufhv iurp
wkh jryhuqphqw1 +Fruuxswlrq lv ri frxuvh dq h{wuhph irup ri uhqw vhhnlqj/ exw rqh wkdw ￿wv rxu
gh￿qlwlrq/ ehfdxvh lw uhsuhvhqwv dssursuldwlqj sxeolf ixqgv iru sulydwh jrdov1 Ohvv vhyhuh irupv ri
uhqw vhhnlqj pd| hqwdlo vslooryhuv wr rwkhuv￿vhh Prkwdgl dqg Urh/ 4<<;,1 D gl￿huhqw phdvxuh ri
uhqw vhhnlqj kdv ehhq xvhg e| Udpd +4<<6, zkr irfxvhg rq odzv dqg uhjxodwlrqv uhjduglqj iruhljq
wudgh uhvwulfwlrqv1 Wklv phdvxuh lv pruh vxlwdeoh iru uhqwv dv zdvwhg uhvrxufhv wkdq dv h{wudfwlrq
ri sxeolf ixqgv1
Wkh lqgh{ ri ghprfudf| lqglfdwhv ￿srolwlfdo uljkwv￿ dqg ￿flylo olehuwlhv￿ iurp wkh zhoo nqrzq
Jdvwlo +4<;;0;<, gdwd iru 4<:50;;1 Dowkrxjk Jdvwlo uhpdlqv dprqj wkh prvw frqvlvwhqw dqg zlgho|
xvhg/ Jdvwlo*v gdwd kdsshq wr dovr forvho| fruuhvsrqg wr rxu frqfhsw ri ghprfudwl}dwlrq1 Iru
h{dpsoh/ ￿flylo olehuwlhv￿ lqfoxghv ￿iuhhgrp ri wkh suhvv￿ zklfk lv d jrrg sur{| ri lqirupdwlrq dqg
￿srolwlfdo uljkwv￿ vljqli| srolwlfdo sduwlflsdwlrq/ d jrrg sur{| iru ￿srolwlfdo dffhvv1￿ E| frqwudvw/
dqrwkhu gdwd vrxufh e| Mdjjhuv dqg Jxuu +4<<9, vwuhvvhv wkh ￿h{hfxwlyh￿ dvshfwv ri dxwkrulw| zklfk
lv qrw d forvh sur{| iru rxu frqfhsw1 Dovr/ gdwd iurp SUV +deryh,/ lqfoxgh d ￿uxoh ri odz￿ lqglfdwru
zklfk lv d ehwwhu lqglfdwru ri surshuw| uljkwv uhjlphv +vhh Nqdfn dqg Nhhihu/ 4<<8,/ wkdq ghprfudf|1
Vwurqjhu surshuw| uljkwv qhhg qrw lpso| pruh ghprfudf| +Eduur/ 4<<9,1
49Wkh ruljlqdo vfruhv/ zklfk duh lq wkh rughu ri ghfuhdvlqj fruuxswlrq dqg ghprfudf|/
duh olqhduo| wudqviruphg wr |lhog dq lqgh{ wkdw lqfuhdvhv lq erwk147
Iljxuh 4 derxw khuh
Lq Iljxuh 4/ wkh frxqwu| srvlwlrqv dorqj wkh fxuyh duh iurp wkh Vxpphu0Khvwrq
+4<<8, frxqwu| frghv dqg duh gh￿qhg lq wkh ￿jxuh1 Lw lv qrwhzruwk| wkdw vhyhudo ri
wkh |rxqj ghprfudflhv ri Dvld/ Odwlq Dphulfd dqg wkh Plggoh Hdvw fruuhvsrqg wr
wkh plg srlqw ri wkh fxuyh zkhuh wkh fruuxswlrq lqgh{ lv qhdu lwv kljk1 Frxqwulhv
zlwk orz fruuxswlrq lqgh{ lqfoxgh/ dw wkh orz hqg ri wkh fxuyh/ vhyhudo dxwkrulwduldq
vrflhwlhv ri Diulfd dqg wkh Plggoh Hdvw/ dqg dw lwv kljk hqg/ prvw ri wkh ghyhorshg
lqgxvwuldol}hg frxqwulhv1
Rqh txhvwlrq lv wklv= Fdq wkh ulvlqj sruwlrq ri wkh fxuyh lq ￿jxuh 4 eh vlpso|
d frqvhtxhqfh ri ehwwhu uhyhodwlrq dqg uhsruwlqj ri h{lvwlqj fruuxswlrq/ ru lv lw
gxh wr dq lqfuhdvh lq dfwxdo fruuxswlrq dv wkh wkhru| suhglfwhgB Iru h{dpsoh/
lq Ph{lfr/ Pruulv +4<<:, kdv dujxhg wkdw ghprfudwl}dwlrq dqg srolwlfdo rshqqhvv
pd| kdyh fkdqjhg wkh qdwxuh ri fruuxswlrq lq wkh 4<;3v iurp rqh ri wudglwlrqdo
dffrpprgdwlrq dprqj wkh holwh/ klgghq iurp sxeolf fkdqqhov/ wr rqh ri pruh rshq
hohfwrudo fruuxswlrq1 Wkrxjk qrw uxolqj rxw h{rjhqrxv idfwruv +h1j1/ 4<;3*v ghew
fulvhv,/ Pruulv dwwulexwhv Ph{lfr*v ￿fulvlv ri fruuxswlrq￿ lq wkh 4<;3v dovr wr wkh
delolw| ri qhzo| hphujhqw dqwl0fruuxswlrq flylf jurxsv wr h{srvh h{lvwlqj fruuxswlrq1
Wkxv/ lw lv srvvleoh wkdw wkh ulvlqj vhjphqw ri fxuyh lq ￿jxuh 4 frxog eh gxh/ dw
ohdvw lq sduw/ wr lqfuhdvhg uhyhodwlrq ru h{srvxuh ri fruuxswlrq udwkhu wkdq wr d ulvh
lq dfwxdo fruuxswlrq1 Hpslulfdoo|/ wkh lvvxh fdqqrw eh gluhfwo| whvwhg ehfdxvh wkh
wuxh lqflghqfh ri fruuxswlrq lv xqrevhuydeoh1 Krzhyhu/ wkh ￿lqfuhdvhg uhyhodwlrq￿
k|srwkhvlv fdqqrw dffrxqw iru wkh hqwluh ulvh lq wkh hduo| sruwlrq ri wkh fxuyh/ vlqfh
lq wkdw fdvh/ wkh vxevhtxhqw ghfolqh ri wkh fxuyh dw kljkhu ghprfudf| ydoxhv fdqqrw
eh h{sodlqhg1 Pruhryhu/ hyhq li wkh ￿lqfuhdvhg uhyhodwlrq￿ k|srwkhvlv zhuh wr eh
d ihdwxuh ri |rxqj ghprfudflhv rqo|/ wkhq wkh fxuyh vkrxog wxuq grzq dw d pxfk
odwhu srlqw wkdq lw grhv1 +Wkh ghfolqlqj vhjphqw ri wkh fxuyh ehjlqv urxjko| zlwk
Vlqjdsruh exw frqwlqxhv rq iru d yhu| odujh qxpehu ri |rxqj ghprfudflhv ehiruh wkh
pruh dgydqfhg lqgxvwuldo ghprfudflhv vkrz xs1,
Rqh dwwhpsw wr hpslulfdoo| lvrodwh wkh ￿uhyhodwlrq￿ h￿hfw iurp wkh wuxh h￿hfw
lv wr frqvwuxfw dq lqvwuxphqw iru wklv h￿hfw lq wkh uhjuhvvlrq htxdwlrq1 Iru wklv
sxusrvh zh wulhg d frpelqdwlrq ri kxpdq fdslwdo dqg wkh ghprfudf| lqgh{ dv d
sur{| wr frqwuro iru lqirupdwlrqdo rshqqhvv/ edvhg rq wkh qrwlrq wkdw olwhudf| dqg
ghprfudf| duh qhfhvvdu| wr wkh lqirupdwlrq  rz1 Uhvxowv uhgxfhg wkh ￿xswxuq￿





￿ czkhuh ￿ o￿ lv wkh ￿￿wwhg￿ ghprfudf| yduldeoh/ dqg 7 ~ lv wkh phdq ydoxh ri shu fdslwd
JGS iurp Vxpphuv dqg Khvwrq +4<<8,1
4:dqg wkh ￿grzqwxuq￿ vrphzkdw exw uhpdlqhg kljko| vljql￿fdqw dw 4 shufhqw ohyho148
Wkxv wkh lqyhuwhg0X h￿hfw shuvlvwhg1
7 VXPPDU\ DQG FRQFOXVLRQ
D vlpsoh wzr0vhfwru hqgrjhqrxv jurzwk prgho lv ghyhorshg lq zklfk vrph djhqwv
hqjdjh lq loohjdo uhqw vhhnlqj dfwlylwlhv wr glyhuw ixqgv hdupdunhg iru sxeolf jrrgv
wr sulydwh jdlqv/ zkloh rwkhuv hqjdjh lq surgxfwlrq1 Djhqwv vzlwfk ehwzhhq wkh
wzr vhfwruv/ vr wkdw lq htxloleulxp wkh vl}h ri surgxfwlrq dqg uhqw vhhnlqj vhfwruv
duh vwdeoh dqg rqo| d ixqfwlrq ri wkh vwdwh ri ghprfudf|1 Dv vrflhwlhv ghprfudwl}h
pruh rshqqhvv dqg pruh htxdo glvwulexwlrq ri lqirupdwlrq dqg sulylohjh lqylwhv pruh
uhqw vhhnhuv1 Dv uhqw vhhnlqj lv prghohg lq d vlpsoh prqrsrolvwlfdoo| frpshwlwlyh
prgho/ wklv phdqv ohvv uhqwv shu djhqw exw pruh uhqw vhhnhuv1 Wklv phfkdqlvp
surgxfhv dq ￿lqyhuwhg0X￿ h￿hfw lq zklfk hfrqrplf uhqwv ulvh lq |rxqj ghprfudflhv
exw idoo lq pdwxuh ghprfudflhv> vlpxowdqhrxvo| d ￿X￿ sdwwhuq lv dovr surgxfhg lq
zklfk hfrqrplf jurzwk idoov zlwk hduo| ghprfudwl}dwlrq exw hyhqwxdoo| ulvhv1 Rxu
￿qglqjv doorz xv wr h{sodlq wkh frq lfwlqj hylghqfh rq wkh uhodwlrqvkls ehwzhhq
jurzwk dqg ghprfudf| zlwklq d xql￿hg dqdo|wlfdo iudphzrun1
Zh ￿qg d idluo| vwurqj hylghqfh lv vxssruw ri wkh uhqw0ghprfudf| k|srwkhvlv1
48Hpslulfdo ghwdlov rq wkh uhvxowv duh dydlodeoh iurp wkh dxwkruv1
4;UHIHUHQFHV
Dfhprjox/ G1 dqg M1 Urelqvrq1 ￿Lqhtxdolw|/ Jurzwk dqg Ghyhorsphqw= Ghprf0
udwl}dwlrq ru UhsuhvvlrqB￿ Hxurshdq Hfrqrplf Uhylhz 5333/ 77= 9;609<61
Dohvlqd/ D1 dqg G1 Urguln1 ￿Glvwulexwlyh Srolwlfv dqg Hfrqrplf Jurzwk1￿ Txdu0
whuo| Mrxuqdo ri Hfrqrplfv 4<<7/ 43<= 79807<31
Eduur/ U1 ￿Jryhuqphqw Vshqglqj lq d vlpsoh Prgho ri Hqgrjhqrxv Jurzwk1￿
Mrxuqdo ri Srolwlfdo Hfrqrp| 4<<3/ <; ^Sduw 5‘= V4360V4581
Eduur/ U1 ￿Ghprfudf| dqg Jurzwk1￿ Mrxuqdo ri Hfrqrplf Jurzwk/ 4<<9/ 4=
405:
Eduur +4<<<, ￿Ghwhuplqdqwv ri Ghprfudf|1￿ Mrxuqdo ri Srolwlfdo Hfrqrp|/￿
4<<</ 43:= V48;04;61
Eduwk/ M1 dqg P1 Eudgoh|1 ￿Wkh Lpsdfw ri Jryhuqphqw Vshqglqj rq Hfrqrplf
Dfwlylw|1￿ Zrunlqj Sdshu/ Jhrujh Zdvklqjwrq Xqlyhuvlw| 4<;:1
Hkuolfk/ L1 dqg I1 Oxl1 ￿Exuhdxfudwlf Fruuxswlrq dqg Hqgrjhqrxv Jurzwk1￿
Mrxuqdo ri Srolwlfdo Hfrqrp| 4<<</ 43: ^Sduw 5‘= V5:30V5<61
Jdvwlo/ U1 Iuhhgrp lq wkh Zruog= Srolwlfdo Uljkwv dqg Flylo Olehuwlhv/ 4<;;0;<
+Iuhhgrp Krxvh/ Qhz \run,1
Julhu/ N1 dqg J1 Wxoorfn1 ￿Dq Hpslulfdo Dqdo|vlv ri Furvv0Qdwlrqdo Hfrqrplf
Jurzwk/ 4<8404<;3/￿ Mrxuqdo ri Prqhwdu| Hfrqrplfv 4<;</ 57= 58<05:91
Khoolzhoo/ M1 ￿Hpslulfdo Olqndjhv Ehwzhhq Ghprfudf| dqg Hfrqrplf Jurzwk1￿
Zrunlqj Sdshu qr1 7399/ QEHU 4<<71
Mdjjhuv/ N1 dqg W1 Jxuu1 ￿Srolw| LLL= Uhjlph W|sh dqg Srolwlfdo Dxwkrulw|/ 4;330
4<<71￿ Zrunlqj Sdshu +LFSVU 99<8,/ Lqwhu0xqlyhuvlw| Frqvruwlxp iru Srolwlfdo dqg
Vrfldo Uhvhdufk/ Xqlyhuvlw| ri Plfkljdq1
Nqdfn/ V1 dqg S1 Nhhihu1 ￿Lqvwlwxwlrqv dqg Hfrqrplf Shuirupdqfh= Furvv0
Frxqwu| Whvwv Xvlqj Dowhuqdwlyh Lqvwlwxwlrqdo Phdvxuhv1￿ Hfrqrplfv ) Srolwlfv
4<<8/ := 53:055:1
Nruphqgl/ U1 dqg S1 Phjxluh1 ￿Pdfurhfrqrplf Ghwhuplqdqwv ri Jurzwk= Furvv0
Frxqwu| Hylghqfh1￿ Mrxuqdo ri Prqhwdu| Hfrqrplfv 4<;8/ 49= 4740961
Odqgdx/ G1 ￿Jryhuqphqw H{shqglwxuh dqg Hfrqrplf Jurzwk lq wkh Ohvv Ghyho0
rshg Frxqwulhv= Dq Hpslulfdo Vwxg| iru 4<930 4<;3/￿ Hfrqrplf Ghyhorsphqw dqg
Fxowxudo Fkdqjh 4<;9/ 68= 680:91
Pdxur/ S1 ￿Fruuxswlrq dqg Jurzwk1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 4<<8/
443= 9;40:451
Pruulv/ V1 Fruuxswlrq dqg Srolwlfv lq Frqwhpsrudu| Ph{lfr/ 4<<4 +Wxvfdorrvd/
Xqlyhuvlw| ri Dodedpd Suhvv,
Prkwdgl/ K1 dqg W1 Urh/ ￿Oree|lqj/ Sxeolf Jrrgv dqg Jurzwk/￿ Hxurshdq
Mrxuqdo ri Srolwlfdo Hfrqrp| 4<<;/ 47= 78607:61
Pxusk|/ N1/ D1 Vkohlihu dqg U1 Ylvkq|/ ￿Wkh Doorfdwlrq ri Wdohqw= Lpsolfdwlrqv
iru Jurzwk/￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 4<<4/ 439= 83608631
4<Srolwlfdo Ulvn Vhuylfhv/ Lqwhuqdwlrqdo Frxqwu| Ulvn Jxlgh +LFUJ,/ 4<;50<51
Srxujhudpl/ D1￿Wkh Srolwlfdo Hfrqrp| ri Ghyhorsphqw= DFurvv0qdwlrqdo Fdxvdo0
lw| Whvw ri Ghyhorsphqw0Ghprfudf|0 Jurzwk K|srwkhvlv1￿ Sxeolf Fkrlfh 4<;;/ 8;=
45604741
Su}hzruvnl D1 dqg I1 Olprqjl1 ￿Srolwlfdo Uhjlphv dqg Hfrqrplf Jurzwk1￿
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 4<<6/ := 840 9<1
Udp/ U1 ￿Jryhuqphqw Vl}h dqg Hfrqrplf Jurzwk= D Qhz Iudphzrun dqg Vrph
Hylghqfh iurp Furvv0Vhfwlrqdo dqg Wlph0 Vhulhv Gdwd1￿ Dphulfdq Hfrqrplf Uhylhz
4<;9/ :9= 4<405361
Udpd/ P1 ￿Uhqw Vhhnlqj dqg Hfrqrplf Jurzwk= D Wkhruhwlfdo Prgho dqg Vrph
hpslulfdo Hylghqfh1￿ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 4<<6/ 75= 680831
Vfxoo|/ J1 ￿Wkh Lqvwlwxwlrqdo Iudphzrun dqg Hfrqrplf Ghyhorsphqw1￿ Mrxuqdo
ri Srolwlfdo Hfrqrp| 4<;;/ <9= 98509951
Vxpphuv/ U1 dqg D1 Khvwrq1 ￿Dqqh{= Wkh Shqq Zruog Wdeohv 819￿ Glvwulexwhg
e| Glvn/ Mdqxdu| 4<<81
Zhhgh/ H1 ￿Wkh Lpsdfw ri Ghprfudf| rq Hfrqrplf Jurzwk= Vrph Hylghqfh
iurp Furvv0Qdwlrqdo Dqdo|vlv1￿ N|norv 4<;6/ 69= 5406<1






























































Note: Numbers on the curve are the SH country codes and are as follows:
40=Somalia, 93=Iraq, 2=Angola, 19=Guinea, 15=Ethopia, 33=Niger, 16=Gabon, 44=Tanzania, 1=Algeria, 96=Jordan, 92=Iran, 18=Ghana, 42=Sudan, 49=Zambia, 91=Indinesia,
22=Kenya, 39=Sierra Leone, 66=Panama, 97=S.Korea, 14=Egypt, 109=Singapore, 98=Kuwait, 30=Morocco, 34=Nigeria, 60=Guatamala, 106=Philippines, 113=Thailand,
64=Mexico, 74=Bolivia, 58=El Salvadore, 73=Agrentina, 81=Peru, 75=Brazil, 17=Gambia, 4=Botswana, 90=India, 138=Spain, 77=Colombia, 63=Jamaica, 132=Malta,
126=Greece, 136=Portugal,94=Israel, 122=Finland, 84=Venezuala, 123=France, 130=Italy, 95=Japan, 131=Luxemberg, 54=Canada, 55=Costo Rica, 72=USA, 116=Austria,
121=Denmark, 134=Norway, 139=Sweden, 142=UK, 145=Australia, 147=New Zealand.DSSHQGL[ 4= Surri ri sursrvlwlrq 4
Lpsolflwo| gl￿huhqwldwh +43, lq p1 Wkh uhvxowlqj htxdwlrq lqyroyhv wkh whup
^4￿￿W
￿ ￿f￿+G,‘= Xvh htxdwlrq +43, djdlq wr holplqdwh wklv whup1 Lqyrnlqj dgglwlylw|
lq wkh uhvxowlqj htxdwlrq lpsolhv wkdw C2j￿@C￿￿C￿￿ @ C2j￿@C￿￿Cp @3 1 Lqyrnlqj


























E| +;e, wkh h{suhvvlrq lqvlgh wkh vpdoo eudfnhw rq wkh ohiw kdqg vlgh +zklfk lv lqvlgh
wkh odujh eudfnhw, lv srvlwlyh1 Vr wkh h{suhvvlrq lqvlgh wkh odujh eudfnhw lv qhjdwlyh1
Vlqfh Cj￿@Cp rq wkh uljkw vlgh lv qhjdwlyh e| +;d,/ lw iroorzv wkdw C￿￿@Cp A 3=
Wkxv/ lq htxloleulxp/ jlyhq dq| ohyho ri G/z hk d y h =
C￿W
Cp
m 7 ( A 3 +D415,
DSSHQGL[ 5= Surri ri sursrvlwlrq 5
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lpsolhv wkdw C2j￿@C￿￿C￿￿ @3 1 Lqyrnlqj v|pphwu| lq wkdw htxdwlrq lpsolhv wkdw































Iurp Dsshqgl{ 4/ wkh odujh eudfnhwhg h{suhvvlrq rq wkh ohiw lv qhjdwlyh1 Vlqfh j￿
lv d pxowlsolfdwlyh ixqfwlrq ri G/ shu +8d,/ wkh ￿uvw wzr whupv rq wkh uljkw kdqg
vlgh vlpsoli| wr/ z￿+G,C￿￿@C￿￿=^4￿j￿‘ A 31 Wkxv wkh uljkw kdqg vlgh lv srvlwlyh ru/
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